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(57) ABSTRACT

A method is provided for determining at least one operating
parameter of a thermoelectric system in a vehicle, wherein the
thermoelectric system comprises an energy conversion
device having at least one photovoltaic element for converting
thermal radiation, which is emitted by a heat source of the
vehicle, into electrical energy. The method includes measur-
ing an electrical power of the photovoltaic device, and deter-
mining an operating parameter of the thermoelectric system
based on the measured electrical power of the photovoltaic
device.
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METHOD AND APPARATUS FOR
DETERMINING AT LEAST ONE OPERATING
PARAMETER OF A THERMOELECTRIC
SYSTEM IN A VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Stage Application of
International Application No. PCT/EP2011/063149 filed Jul.
29,2011, which designates the United States of America, and
claims priority to DE Application No. 102010033 534.7 filed
Aug. 5, 2010, the contents of which are hereby incorporated
by reference in their entirety.

TECHNICAL FIELD

The disclosure relates to a thermoelectric system for a
vehicle, in particular for a motor vehicle comprising an inter-
nal combustion engine. In addition, the disclosure relates to a
method for determining an operating state of the thermoelec-
tric system.

BACKGROUND

The increasing hybridization of vehicles makes it neces-
sary to make available electrical energy in the vehicle to a
greater degree than is necessary in a conventional motor
vehicle for operating electrical systems. Since insufficient
electrical energy can be made available with contemporary
battery technology, itis necessary to provide the vehicle with
devices for acquiring and recovering electrical energy. For
this purpose, inter alia, methods for recovering energy such
as, for example, the recuperation of braking energy or the
thermoelectric conversion of energy from waste heat which is
produced in the combustion process are known. The thermo-
electric conversion of energy takes place, inter alia, by utiliz-
ing the photoelectric effect, wherein the thermal radiation
which is emitted by a hot component is converted directly into
an electric voltage by means of photovoltaic cells. The pho-
tovoltaic cells which are typically formed from semiconduc-
tor materials are arranged here as close as possible to the heat
source in order to obtain the highest possible energy yield. In
this environment, these sensitive components are subjected to
conditions which can have an adverse effect on the functional
capability and/or efficiency of the photovoltaic elements. It is
therefore possible, for example, for heat and various chemical
substances to contribute to an accelerated ageing process of
the photovoltaic elements which are typically formed from
semiconductor materials. Furthermore, soiling of the photo-
voltaic elements can lead to a loss of efficiency due to shad-
owing effects. In addition, the further components of the
thermoelectric system such as, for example, the cabling or the
plug-type connections of the photo cells may also lead to a
reduction in the efficiency level of the system dueto ageing or
owing to damage.

In order to detect such disruption of the thermoelectric
system in good time and avoid losses during the recovery of
energy by means of suitable countermeasures, it is appropri-
ate to monitor the operating state of the thermoelectric sys-
tem.

SUMMARY

One embodiment provides a method for determining at
least one operating parameter of a thermoelectric system in a
vehicle, wherein the thermoelectric system comprises an
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energy conversion device having at least one photovoltaic
element for converting thermal radiation, emitted by a heat
source of the vehicle, into electrical energy, the method com-
prising the steps: measuring an electrical power of the pho-
tovoltaic device, and determining the operating parameter
based on the measured electrical power of the photovoltaic
device.

In a further embodiment, the measured electrical power is
compared with an expected electrical power of the energy
conversion device, and wherein the operating parameter is
determined from the comparison of the measured electrical
power with the expected electrical power.

In a further embodiment, the expected electrical power is
calculated from a temperature of the heat source which is
measured by means of a temperature sensor or obtained by
means of a characteristic diagram, or said electrical power is
obtained by means of a characteristic diagram.

In a further embodiment, the operating parameter is deter-
mined within the scope of a diagnosis of the thermoelectric
system, during which a functional state of the thermoelectric
system is evaluated by means of the measured electrical
power.

In a further embodiment, the evaluation comprises at least
one of the following statements: if the measured electrical
power is equal to zero, there is no functional capability of the
energy conversion device present; if the currently measured
electrical power is equal to zero and at the same time an
electrical power measured in the previous driving cycle cor-
responds to an expected electrical power, an interruption in
the circuit is present; if the actual temperature of the heat
source is known and the measured electrical power of the
energy conversion device which comprises a plurality of pho-
tovoltaic elements is greater than zero and less than the
expected electrical power, there is no functional capability
present in some of the photovoltaic elements; if the actual
temperature of the heat source is unknown and the measured
electrical power of the energy conversion device which com-
prises a plurality of photovoltaic elements is greater than zero
and less than the expected power, either the actual tempera-
ture deviates from the expected temperature, or there is no
functional capability present in some of the photovoltaic ele-
ments; if the measured electrical power is greater than zero
and less than the expected power and the electrical power
decreases over a relatively long time period, degradation of
the efficiency of the energy conversion device has occurred
due to soiling and/or ageing of the photovoltaic elements; if
the measured electrical power drops to zero, there is no inter-
ruption present in the circuit; if the measured electrical power
swings to and fro between zero and the expected electrical
power, there is a loose contact present; if the measured elec-
trical power is greater than the expected electrical power,
overheating of the heat source is occurring.

In a further embodiment, a current temperature of the heat
source is calculated by means of the measured electrical
power.

In a further embodiment, the calculated temperature is
compared with an expected temperature of the heat source,
and the operating parameter is determined by means of the
result of this comparison.

In a further embodiment, the efficiency level of the photo-
electric element is determined as an operating parameter, a
temperature of the heat source is calculated by means of the
measured electrical power, and the efficiency level is calcu-
lated as a quotient of the calculated temperature and an
expected temperature of the heat source which is measured by
means of a temperature sensor or determined by means of a
characteristic diagram.
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In a further embodiment, the current power is determined
by measuring the voltage and/or the current of the energy
conversion device.

In a further embodiment, the current temperature of the
heat source is determined as an operating parameter.

Another embodiment provides an apparatus for determin-
ing at least one operating parameter of a thermoelectric sys-
tem in a vehicle, wherein the thermoelectric system com-
prises an energy conversion device having at least one
photovoltaic element for converting thermal radiation, emit-
ted by a heat source of the vehicle, into electrical energy, and
wherein the apparatus is designed to measure an electrical
power of the photovoltaic element and to determine the oper-
ating parameter based on the measured electrical power of the
photovoltaic element.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments will be explained in more detail
below based on the schematic drawings, wherein:

FIG. 1 shows a schematic illustration of the thermoelectric
system with an energy conversion device comprising two
separate elements; and

FIG. 2 shows a tabular illustration of the diagnosis of the
thermoelectric system and of its components.

DETAILED DESCRIPTION

Embodiments of the present disclosure provide methods
and apparatuses for monitoring important operating param-
eters of a thermoelectric system.

According to some embodiments, a method for determin-
ing at least one operating parameter of a thermoelectric sys-
tem in a vehicle is provided, wherein the thermoelectric sys-
tem comprises an energy conversion device having at least
one photovoltaic element for converting thermal radiation,
emitted by a heat source of the vehicle, into electrical energy.
The method comprises here measuring an electrical power of
the photovoltaic device, and determining the operating
parameter based on the measured electrical power of the
photovoltaic device. The power monitoring provided here
makes it possible to arrive at conclusions about various oper-
ating parameters of the thermoelectric system in a particu-
larly easy way.

In one embodiment there is provision that the measured
electrical power is compared with an expected electrical
power of the energy conversion device, wherein the operating
parameter is determined from the comparison of the mea-
sured electrical power with the expected electrical power. By
comparing the measured power with the expected power,
disruption to the system can easily be detected. A further
advantageous embodiment provides that the expected electri-
cal power is calculated at a temperature of the heat source
which is measured by means of a temperature sensor or
obtained by means of a characteristic diagram. Determining
the expected temperature by means of a measured tempera-
ture provides a high level of accuracy. In contrast, using a
characteristic diagram to determine the temperature permits
the expected electrical power to be estimated without a cor-
responding temperature measurement.

A further embodiment provides that the operating param-
eter is determined within the scope of a diagnosis in which a
functional state of the thermoelectric system is evaluated by
means of the measured electrical power. Precise statements
about the functional state of the system as a whole or about the
functional state of its individual components are possible
using such a diagnostic system. In particular, in this way,
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disruption to the system can be detected early, as a result of
which selected measures for improving or maintaining the
efficiency level of the system become possible in turn.

According to one further embodiment, the functional inca-
pability of the energy conversion device is diagnosed if the
measured electrical power is equal to zero. This permits very
simple diagnosis of the entire system.

In addition there is provision that an interruption in the
circuit is diagnosed if the currently measured power is equal
to zero, but within the previous driving cycle this power
corresponded to an expected electrical power. As a result,
interruptions in the current caused by a cable break or the like
within the system can very easily be detected.

In addition there is provision that functional incapability of
a number of photovoltaic elements is diagnosed if, given
knowledge of the actual temperature of the heat source, the
measured electrical power of the energy conversion device
which comprises a plurality of photovoltaic elements is
greater than zero and less than the expected electrical power
of the conversion device. This permits functional disruption
in some of the photovoltaic elements to be detected.

In addition there is provision that either a deviation of the
actual temperature from the expected temperature has
occurred or some of the photovoltaic elements are function-
ally incapable if, when the actual temperature of the heat
source is unknown, the measured electrical power of the
energy conversion device which comprises a plurality of pho-
tovoltaic elements is greater than zero and less than the
expected power. As a result, on the one hand, faults can be
detected in the determination of the expected temperature. In
addition, this makes it possible, even when the actual tem-
perature is unknown, to detect that some of the photovoltaic
elements are functionally incapable.

In addition there is provision that degradation of the effi-
ciency level of the energy conversion device due to soiling
and/or due to ageing of the photovoltaic elements is diag-
nosed if the measured electrical power is greater than zero and
less than the expected power and this power decreases over a
relatively long time period. As a result, countermeasures can
be initiated in good time in order to maintain the efficiency
level by cleaning or replacing the respective photovoltaic
elements.

In a further embodiment there is provision that an interrup-
tion in the circuit is diagnosed if the measured electrical
power suddenly drops to zero. This diagnosis can be used to
initiate countermeasures in good time in order to ensure the
highest possible efficiency level of the system.

In addition there is provision that a loose contact is diag-
nosed if the measured electrical power swings to and fro
between zero and the expected electrical power. This diagno-
sis also makes it possible to initiate countermeasures in good
time in order to ensure the highest possible efficiency level.

In addition there is provision that overheating of the heat
source is diagnosed if the measured electrical power is greater
than the expected electrical power. As a result it is possible to
draw conclusions about a malfunction of the internal com-
bustion engine even without corresponding measurement of
the temperature of the heat source or when one of the tem-
perature sensors fails. By means of selectively initiated mea-
sures it is therefore possible to avoid damage to the internal
combustion engine of the motor vehicle and/or to/the thermo-
electric system itself.

According to a further embodiment there is provision that
the current temperature of the heat source is calculated by
means of the measured electrical power levels. As a result it
becomes possible to dispense with a local temperature mea-
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surement, which entails a cost reduction owing to the saving
gained by the elimination of a temperature sensor.

In a further embodiment there is provision that the calcu-
lated temperature is compared with an expected temperature
of'the heat source, and the operating parameter is determined
by means of the result of this comparison. This provides the
possibility to implement the effective cross-sectional area or
the diagnosis of the thermoelectric system at the level of the
temperature.

According to a further embodiment, there is provision that
the efficiency level of the photoelectric element is determined
as an operating parameter, wherein a temperature of the heat
source is calculated by means of the measured electrical
power. The efficiency level is then calculated as a quotient of
the calculated temperature and the expected temperature of
the heat source, which is measured by means of a temperature
sensor or determined by means of a characteristic diagram.
This constitutes an alternative way of calculating the effi-
ciency level.

According to a further embodiment there is provision that
the current power is determined by measuring the voltage
and/or the current of the energy conversion device. As aresult,
the power of the energy conversion device can be determined
particularly easily.

According to a further embodiment there is provision that
the current temperature of the heat source is determined as an
operating parameter. As a result, a corresponding temperature
sensor can be dispensed with, which in turn results in lower
manufacturing costs.

FIG. 1 shows a thermoelectric system 100 for converting
thermal energy emitted by a heat source of a vehicle into
electrical energy. Basically any component of the vehicle
which reaches a sufficiently high temperature during opera-
tion to ensure effective recovery of energy by means of pho-
tovoltaic elements is possible as a heat source 110. In the case
of an internal combustion engine, these components are usu-
ally the engine block 210 itself or certain areas of the engine
block thereof and the exhaust system and/or particularly hot
sections of the exhaust system such as, for example, the
manifold or catalytic converter. FIG. 1 illustrates schemati-
cally such a component 110 of automotive system 210, which
emits energy in the form of thermal radiation 111. The ther-
moelectric system 100 comprises an energy conversion
device 200 which, in the present case, has two separate pho-
tovoltaic elements 121, 122. The photovoltaic elements 121,
122 which are generally embodied as specific photovoltaic
cells which are optimized for the IR range are suitably
arranged in the vicinity of the heat source 110, with the result
that the thermal radiation 111 emitted by the heat source 110
can be converted into electrical energy by the photovoltaic
elements 121, 122. The photo cells 121, 122 are connected via
cabling 123, 124, 125 to an energy storage device 150 for
buffering the electrical energy. Typically an electrical trans-
former 140 is intermediately connected between the energy
conversion device 200 and the energy storage device 150, in
order to convert the voltage supplied by the energy conversion
device 200 into the voltage necessary for the energy storage
device 150 which is generally formed as a battery/accumula-
tor cell.

The thermoelectric system 100 also comprises a control or
monitoring device 120 which is used to control and/or moni-
tor the operation of the energy conversion system 200. The
control device 120 can be connected here to various compo-
nents of the thermoelectric system 100 via corresponding
lines. In the present example, the control device 120 is only
connected to the line 125 for reasons of clarity.
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This is intended to indicate that the control device 120
carries out a measurement of the electrical power P, _, which
is currently being made available by the energy conversion
device 200. As is also shown in FIG. 1, a temperature sensor
160 is arranged in the direct vicinity of the heat source 110.
The temperature sensor 160 can be directly connected to the
control device 120 via a corresponding electrical line (shown
here by dashed lines) in this context. Alternatively, the control
device 120 can also receive information about the tempera-
ture of the heat source 110 from another device of the vehicle.

The control device 120 may be designed to determine at
least one operating parameter of the thermoelectric system
100. This may be done by measuring the current electrical
power P,,_ ofthe energy conversion device 200. The electrical
power P,_. which may be detected by measuring the current
and/or voltage at the input of the electric converter 140 can be
used in the control device 120 to calculate the current tem-
perature of the heat source 110. According to the Stefan-
Boltzmann Law, which applies to black radiators, the follow-
ing applies to the radiation power P[W] atatemperature T[K]:

P=ox4 xT*

with the Stefan-Boltzmann constant 0=5.67x 107* WM~ k~*
and A|M? | the surface of the body. According to this equa-
tion, a square centimeter of a hot surface at 500° C. emits
approximately 2 watts per cm” power with maximum inten-
sity at a wavelength of 5 um. Assuming an efficiency of a
photovoltaic cell of 7 to 15 percent, a measured power of the
energy conversion device of approximately 0.2 watts per cm>
occurs. If all the known factors of the energy conversation
device 200 are known, for example the size of the photovol-
taic cells 121, 122 and the distance and arrangement thereof
with respect to the heat source 110, the power losses of the
connecting lines 123, 124, 125 etc., it is possible to use the
measured power P, of the energy conversion device 200 to
make a statement about the radiation power of the heat source
110. Based on the radiation power determined it is finally
possible to determine the temperature T,_, of the radiation
source 110 by converting the Stefan-Boltzmann equation. By
using this method it is also possible to obtain the temperature
of certain parts in the vehicle even without a direct tempera-
ture measurement. The disclosed concept can therefore be
used as a sensor set.

The efficiency level of the thermoelectric system 100 forms
afurther interesting operating parameter. Said efficiency level
can be determined, for example, by means of the comparison,
to be more precise by forming a quotient, between the mea-
sured power P, and an expected electrical power P, The
expected electrical power P, which serves as a reference can
for this purpose also be determined by means of the Stefan-
Boltzmann Law from a known temperature T ,_, of the radia-
tion source. For this purpose, the radiation power P of the heat
source 110 is firstly determined by means of this equation,
and this value subsequently determined by multiplication by
a factor which is known from the application of the system
100 and which takes into account the losses of the distance
between the heat source 110 and the converter 140. The
temperature T, , can be determined here by means of a mea-
surement and by means of characteristic diagrams if the
respective engine operating point is known.

However, the efficiency level can also be determined by
means of a comparison of a determined temperature with an
expected temperature which is present as a reference.

The functional state of the thermoelectric system 100 or its
components can also be determined as operating parameters.
For this purpose, suitable diagnostic steps can be imple-
mented in the control device 120. The diagnosis may be
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carried out by means of a comparison of the currently deter-
mined electrical power P, _, with a reference value P, .

In this context, an electrical power P, which is expected at
the respective measuring point can be used as the reference
value. Said electrical power Pref may be calculated from the
currently determined temperature T,_,, using, for example,
the Stefan-Boltzmann equation. Depending on the applica-
tion, various functional states can be evaluated during the
diagnosis. FIG. 2 shows for example a tabular compilation of
suitable statements and/or evaluations for such a diagnosis.

Accordingly, the entire energy conversion device 200 does
not function if zero is measured as the electrical power P,,_,.
However, if the measured power P,_, measured in the previ-
ous driving cycle corresponded to an expected electrical
power P, it is assumed that there is a break in the circuit.

Ifthe actual temperature T, , of the heat source is known, it
is, on the other hand, possible to detect defects in individual
photocells 122 if the measured electrical power of the energy
conversion device is 200 between zero and the expected elec-
trical power P, . If the actual temperature T, of the heat
source is, on the other hand, known, it is either assumed that
there is a deviation of the actual temperature T, from the
expected temperature T, -or a defect in individual photocells
122.

If an electrical power P, is measured which is between
zero and the expected power P, .and if, in addition, it can be
detected by a comparison of the currently measured power
value and previously measured values, a creeping power loss
is occurring, with the result that both soiling of the photocells
122 and a power reduction due to ageing effects are assumed
to be present.

On the other hand, an interruption in the circuit can be
diagnosed in the case of a sudden drop of the measured
electrical power P, _, to zero. However, if the measured value
is between the expected power P, -and zero, a loose contactis
present in the circuit.

Finally, it can be assumed that overheating of the heat
source is occurring if a value greater than the expected elec-
trical power P, .is measured as an electrical power P,,,.,.

The embodiments disclosed in the present description in
relation to the figures are merely exemplary embodiments of
the invention. In this context, depending on the application for
the implementation of the invention all the features disclosed
in this context may be relevant either individually or else in
combination with one another.

What is claimed is:

1. A method for determining an operating parameter of a
thermoelectric system in a vehicle, the thermoelectric system
including an energy conversion device having at least one
photovoltaic element for converting thermal radiation, emit-
ted by a heat source of the vehicle, into electrical power, the
method comprising:

measuring the electrical power converted by the photovol-

taic element,

calculating the temperature of the source of the thermal

radiation based on the measured electrical power con-
verted by the photoyoltaic element; and

determining the operating parameter based on the mea-

sured electrical power converted by the photovoltaic
element and the calculated temperature.
2. The method of claim 1, comprising:
comparing the measured electrical power with an expected
electrical power of the energy conversion device, and

determining the operating parameter based on the compari-
son of the measured electrical power with the expected
electrical power.
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3. The method of claim 2, comprising calculating the
expected electrical power from a temperature of the heat
source measured by means of a temperature sensor or
obtained by means of a characteristic diagram.

4. The method of claim 2, comprising determining the
operating parameter within the scope of a diagnosis of the
thermoelectric system, during which a functional state of the
thermoelectric system is evaluated based on the measured
electrical power.

5. The method of claim 4, wherein the evaluation com-
prises performing at least one of the following diagnoses:

when the measured electrical power is equal to zero, there

is no functional capability of the energy conversion
device present;
when the currently measured electrical power is equal to
zero and at the same time an electrical power measured
in a previous driving cycle corresponds to an expected
electrical power, an interruption in a circuit is present;

when an actual temperature of the heat source is known and
the measured electrical power of the energy conversion
device which comprises a plurality of photovoltaic ele-
ments is greater than zero and less than the expected
electrical power, there is no functional capability present
in some of the photovoltaic elements;

when an actual temperature of the heat source is unknown

and the measured electrical power of the energy conver-
sion device which comprises a plurality of photovoltaic
elements is greater than zero and less than the expected
power, either the actual temperature deviates from the
expected temperature, or there is no functional capabil-
ity present in some of the photovoltaic elements;

when the measured electrical power is greater than zero

and less than the expected power and the electrical
power decreases gradually over, time degradation of the
efficiency of the energy conversion device has occurred
due to soiling and/or ageing of the photovoltaic ele-
ments;

when the measured electrical power drops to zero, there is

no interruption present in the circuit;
when the measured electrical power swings to and fro
between zero and the expected electrical power, there is
a loose contact present; and

when the measured electrical power is greater than the
expected electrical power, overheating of the heat source
is occurring.

6. The method of claim 1, comprising calculating a current
temperature of the heat source based on the measured elec-
trical power.

7. The method of claim 6, comprising:

comparing the calculated temperature with an expected

temperature of the heat source, and

determining the operating parameter based on the result of

this comparison.

8. The method of claim 1, wherein the operating parameter
is an efficiency level of the photovoltaic element, and wherein
the method comprises:

calculating a temperature of the heat source based on the

measured electrical power, and

calculating the efficiency level as a quotient of the calcu-

lated temperature and an expected temperature of the
heat source measured by a temperature sensor or deter-
mined from a characteristic diagram.

9. The method of claim 1, comprising measuring the elec-
trical power converted by the photovoltaic element by mea-
suring at least one of the voltage and the current of the energy
conversion device.
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10. The method of claim 1, wherein the operating param-
eter is a current temperature of the heat source.

11. An apparatus for determining an operating parameter of
a thermoelectric system in a vehicle, the apparatus compris-
ing:

an energy conversion device having at least one photovol-
taic element for converting thermal radiation, emitted by
a heat source of the vehicle, into electrical power,

a control device configured for measuring the electrical
power converted by the photovoltaic element of the
energy conversion device and further configured for cal-
culating the temperature of the source of the thermal
radiation based on the measured electrical power con-
verted by the photovoltaic element, and further config-
ured for determining the operating parameter based on
the measured electrical power converted by the photo-
voltaic element and the calculated temperature.

12. The apparatus of claim 11, wherein the apparatus is

configured to:

compare the measured electrical power with an expected
electrical power of the energy conversion device, and

determine the operating parameter based on the compari-
son of the measured electrical power with the expected
electrical power.

13. The apparatus of claim 12, wherein the apparatus is
configured to calculate the expected electrical power from a
temperature of the heat source measured by means of a tem-
perature sensor or obtained by means of a characteristic dia-
gram.

14. The apparatus of claim 12, wherein the apparatus is
configured to determine the operating parameter within the
scope of a diagnosis of the thermoelectric system, during
which a functional state of the thermoelectric system is evalu-
ated based on the measured electrical power.

15. The apparatus of claim 14, wherein the evaluation
comprises performing at least one of the following diagnoses:

when the measured electrical power is equal to zero, there
is no functional capability of the energy conversion
device present;

when the currently measured electrical power is equal to
zero and at the same time an electrical power measured
in a previous driving cycle corresponds to an expected
electrical power, an interruption in a circuit is present;

when an actual temperature of the heat source is known and
the measured electrical power of the energy conversion
device which comprises a plurality of photovoltaic ele-
ments is greater than zero and less than the expected
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electrical power, there is no functional capability present
in some of the photovoltaic elements;

when an actual temperature of the heat source is unknown

and the measured electrical power of the energy conver-
sion device which comprises a plurality of photovoltaic
elements is greater than zero and less than the expected
power, either the actual temperature deviates from the
expected temperature, or there is no functional capabil-
ity present in some of the photovoltaic elements;

when the measured electrical power is greater than zero

and less than the expected power and the electrical
power decreases gradually over, time degradation of the
efficiency of the energy conversion device has occurred
due to soiling and/or ageing of the photovoltaic ele-
ments;

when the measured electrical power drops to zero, there is

no interruption present in the circuit;
when the measured electrical power swings to and fro
between zero and the expected electrical power, there is
a loose contact present; and

when the measured electrical power is greater than the
expected electrical power, overheating of the heat source
is occurring.

16. The apparatus of claim 11, wherein the apparatus is
configured to calculate a current temperature of the heat
source based on the measured electrical power.

17. The apparatus of claim 16, wherein the apparatus is
configured to:

compare the calculated temperature with an expected tem-

perature of the heat source, and

determine the operating parameter based on the result of

this comparison.

18. The apparatus of claim 11, wherein the operating
parameter is an efficiency level of the photovoltaic element,
and wherein the method comprises:

calculating a temperature of the heat source based on the

measured electrical power, and

calculating the efficiency level as a quotient of the calcu-

lated temperature and an expected temperature of the
heat source measured by a temperature sensor or deter-
mined from a characteristic diagram.

19. The apparatus of claim 11, wherein the apparatus is
configured to measure the electrical power converted by the
photovoltaic element by measuring at least one of the voltage
and the current of the energy conversion device.

20. The apparatus of claim 11, wherein the operating
parameter is a current temperature of the heat source.
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